Abstract: An experiment was undertaken at the C block research farm of Bidhan Chandra Krishi Viswavidyalaya, Kalyani, Nadia, West Bengal, to find out the efficacy of some weed control methods in soybean (cv. Bragg) during kharif season of 2011-12 and 2012-13. The experiment was conducted in randomized block design (RBD) with 8 treatments in 4 replications. Treatments comprised of two different kinds of mulching (paddy straw @ 5 t ha -1 and polyethylene), two herbicides (Flumioxazin @ 30 g a.i. ha -1 as pre-emergence and Quizalofop-ethyl @ 50 g a.i. ha
INTRODUCTION
Soybean (Glycine max [L.] Merr.) is an important oil seed crop that is widely grown as a valuable source of protein and vegetable oil. India accounts 2.4% of the world surface area, yet it supports 17.5% of the world population. Introduction of high yielding varieties, increased level of irrigation, improved farming technologies, fertilizers and pesticides have helped us to make self sufficiency in food grain production. According to ministry of agriculture, total food grain production of India was 241 million tones in 2010-11 crop years which will have to be increased to meet the mounting future domestic food grain demand. At present, most pressing problem is protein deficiency in our daily diet due to high cost and lack of conventional animal protein. About 40% population of India suffers from under developed physical and mental capabilities due to protein deficiency. Hence some cheaper alternative source of vegetable protein is necessary. Cultivation of soybean [Glycine max (L.) Merrill] has shown possible way out to this problem. One of the major constraints in soybean production is weed problem. It is heavily infested with grasses, sedges and broad leaved weeds. Competition from weeds reduced seed yields by 32% to 96%, compared to when weeds were removed (Kushwah et al., 2005) . If soybean weeds not controlled at critical period of weed crop competition (during first 30 days of sowing) reduces the yield of , 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.ansfoundation.org soybean from 58 to 85 % depending upon the type and weed intensity of infestation (Govardhan et al., 2006 and Jadhav, 2007) . It has been shown that soybean yields can be reduced if weeds are not controlled (Abdelhamid et al., 2008 , Vollmann et al., 2010 and Mohammadi and Amiri, 2011 . Several herbicides have been reported to control weeds in soybean but none of these can manage all the weeds efficiently. Unavailability of adequate labourers during peak crop weed competition period and difficulty in mechanical means also aggravate the situation. However, reliance on chemical herbicides has led to environmental contamination by the presence of herbicidal residues in soil, water and plants, shift in weed flora, appearance of resistant weed species and threats to human health (Bhowmik and Mandal, 2001 ; Bhowmik and Ghosh, 2002) . In view of this, the present research work was conducted with the objectives to study the efficacy of some weed control methods in soybean during kharif season.
MATERIALS AND METHODS
Field experiments were conducted during June to October of 2011 and 2012 at the 'C' block research farm of Bidhan Chandra Krishi Viswavidyalaya, Kalyani, Nadia, West Bengal. The experiment was laid out in randomized block design with four replications. Variety 'Bragg' (medium height, determinate habit and 120 days duration) was used in the study. Rhizobium cul-ture (Brady Rhizobium) was mixed properly with the seeds half an hour before sowing and kept in shade for drying. Seeds were sown @ 100kg ha -1 in furrows at a depth of 5 cm made with the help of tynes maintaining 45 cm row spacing followed by covering with soil. The crop was fertilized with a common basal dose of N:P Cochran and Cox, (1963) was followed to analyze various data statistically. The significance of different sources of variation was tested by error mean square method of Fisher Snedecor's 'F' test at probability level 0.05. Standard error of mean (SEm+) and critical difference (C.D.) have been estimated to compare the differences between means.
RESULTS AND DISCUSSION
Weed flora in the experimental field: Grassy weeds were mostly predominant, followed by broad leaved weeds. Sedge weed population was very low in the experimental field. Weed population: At 30 DAS population of grassy weeds varied significantly at 5% level due to different weed control treatments (Table1). The highest number was recorded in weedy check (T 1 ) which was significantly higher than all other treatments. The lowest number was observed in combination of flumioxazin + hand weeding (T 6 ) treatment (17.08), which was at par with twice weeding (T 2 ) and mulching treatments (T 3 , T 4 ) resulting in effective control of grassy weeds. The highest broad leaf weed population was recorded in weedy check which was significantly higher than any other treatments and the lowest number was noticed in T 6 , closely followed by T 2 , T 3 and T 4 which were statistically at par (Table1). At 30 DAS very low, out of which highest number of sedge weeds were observed in T 1 (Table1). The most efficient treatments with respect to total number of weeds were T 2 and T 6 , closely followed by T 4 and T 3 at 30 DAS. At harvest highest numbers of grass weeds were found in weedy check treatment (T 1 ) which was significantly higher than other treatments. Lowest number of grass weed population was observed in twice hand weeding (T 2 ), not significantly different from mulching treatments (T 3 and T 4 ), Quizalofop-ethyl alone (T 7 ) and combination of ). Greater efficiency of controlling grass weeds by Quizalofopethyl was also reported by Singh (2005) . Broad leaf weed population was also highest in weedy check (T 1 ), significantly higher than other treatments and the lowest number was found in T 2 , closely followed by T 6 , T 4 and T 3 , which were statistically at par (Table1). Highest number of sedge weed was observed in T 1 and all other treatments recorded insignificant number of sedge weeds (Table1).Significantly lowest total weed population at harvest was observed in T 2 , closely followed by T 4 , T 6 , T 3 and T 8 . Two herbicides alone (T 5 and T 7 ) were less effective in this respect than other treatments (T 4 , T 6 , T 3 and T 8 ), but were efficient as compared with weedy check. Weed dry matter: At 30 DAS highest dry weight of grass weeds was recorded in weedy check treatment (T 1 ) and lowest in T 6 , closely followed by T 2 , T 4 and T 3 (Table1), indicating efficient control of grass weeds with these treatments. Dry weight of broad leaf weed was highest similarly in weedy check (T 1 ) having no significant difference with Quizalofop-ethyl alone treatment (T 7 ) indicating this herbicide not to be efficient in controlling broad leaved weeds. Out of different weed control treatments, weedy check (T 1 ) recorded the maximum growth of sedge weeds. The rest of the treatments recorded significantly lower growth of sedges than the earlier one (Table1).The highest total weed dry weight was recorded with weedy check (T 1 ) which was reduced appreciably due to different weed control practices. The most efficient treatments were T 6 and T 2 , closely followed by T 4 and T 3 . At harvest highest amount of dry matter of grassy weed was found to be in weedy check treatment (T 1 ) and was noticed as lowest in T 2 , closely followed by T 7 , T 6 , T 4 , T 8 and T 3 , which were statistically at par ( Table1), indicating efficient control of grassy weeds with these treatments. Dry weight of broad leaf weed was highest in weedy check (T 1 ) followed by Quizalofop-ethyl (T 7 ), which were statistically at par indicating poor efficiency of controlling broad leaf weeds (Table1). In case of sedge weeds highest dry weight was recorded DAS in weedy check (T 1 ) and the rest treatments were significantly lower than weedy check (Table1).The most efficient treatments with respect to total weed dry weight were T 2 , T 4 and T 6 , closely followed by T 3 and T 8 .
Yield and yield attributes:
No any significant variation was noticed with respect to number of plants m -2 . Plant density was almost uniform in all the treatments. The lowest number of filled pods plant -1 was recorded in weedy check treatment (T 1 ) and all other treatments noticed significantly higher number over control. The highest number was observed in hand weeded twice plot (T 2 ), which was statistically at par with T 6 . The highest number of pods plant -1 of soybean with hand weeding treatment was similarly reported by Kumar et al., 2001 and Halvankar et al., 2005 . Number of seeds pod -1 did not vary significantly, however treatment T 2 , T 4 and T 6 recorded the highest and T 1 provided the lowest number of seeds pod -1 (Table2). No significant difference was recorded with respect to 100 seed weight in different weed control treatments (Table2). Kumar et al., (2001) , however, reported increased seed weight with hand weeding twice. The lowest seed yield was obtained in weedy check plot (Table2), which was significantly lower than all other treatments. The reduction in seed yield due to severe weed competition at the critical crop growth period of soybean. Similar result were reported by earlier workers (Jha et al., 1983; Ilnicki and Horng, 1983) . The highest seed yield was observed in twice hand weeded plots (T 2 ), which was significantly higher than all other treatments. Kumar et al., 2001 , Reddy et al., 2003 , Halvankar et al., 2005 and Singh (2005 found that twice hand weeding at critical growth period favour the growth and ultimately enhance yield. It indicated that manual weeding was most efficient in controlling weeds and increasing seed yield of the crop. Hand weeding with nirani could uproot all the weeds between and within the rows of the crop, at the same time loosen the surface soil, which minimize the competition from weed for growth resources as well as provided favorable situation for growth of the crops without any residual toxic effect. Next highest yield was obtained in T 6 , which was not statistically superior to T 4 (polyethylene mulching). Lowest stover yield was recorded in T 1 , which was significantly lower than all other treatments and highest yield was recorded with hand weeded plot (T 2 ), significantly superior to all other treatments. Among the treatments, straw mulch (T 3 ), polyethylene mulch (T 4 ) and ) recorded the highest harvest index (0.25), however, T 5 or T 8 provided the lowest value (0.21).
Efficiency of different weed control treatments:
Twice hand weeding treatment (T 2 ) controlled all types of weeds very effectively, and minimizes the weed competition. As a result, it recorded the highest number of filled pods plant -1 and produced maximum seed yield (2797 kg ha -1 ), where the increase in yield over control was 107.95% (Table2). The highest seed yield in hand weeded plot was similarly reported by earlier workers (Reddy et al., 2003; Halvankar et al., 2005 and Patra et al., 2005) . Flumioxazin and hand weeding combination (T 6 ) recorded the second highest number of filled pods plant -1 as well as second highest seed yield of 2591 kg ha -1 showing 94.25% increase in yield over control with lowest weed index (7.86). This treatment was efficient in increasing seed yield probably due to controlled germination of grass weeds due to pre-emergence application of Flumioxazin and the succeeding hand weeding operation which controlled all types of weeds. Productivity of polyethylene mulch (T 4 ) was followed by earlier treatments (T 2 and T 6 ) due to its high weed control efficiency (92.03% at harvest) and low weed index (14.16%) with moisture conservation for the dry period and increasing soil temperature. Polyethylene mulch was effective in suppressing weed, increasing soil temperature (by 6 0 C and 4 0 C at 5 cm and 10 cm soil depth, respectively) and preventing soil moisture evaporation (Ramkrishna et al., 2006) . Straw mulching (T 3 ) was also effective in controlling weeds and probably had the extra advantage of conserving moisture and providing aeration to soil. In this way, this treatment recorded higher number of filled pods plant -1 and seed yield of 2331 kg ha -1 with low weed index of 16.66%. Patra et al., 2005; Idapuganti et al., 2006 and Ramkrishna et al.,2006 observed that straw mulch prevent weed germination and growth besides conserving some soil moisture. Herbicide combination treatment (T 8 ) was more efficient in producing seed yield through recording higher number of filled pods plant -1 than when they were applied singly and Quizalofop-ethyl alone (T 7 ) was least effective in this respect (Table2). Economic evaluations: Lower values of net return per rupee investment were recorded in weedy check (1.88) due to low productivity and in polyethylene mulch treatment (2.02) due to high cost of treatment (mulching materials). Net return per rupee invested was higher in twice hand weeding (2.99) due to high productivity and in combination of two herbicides (2.97) mainly due to low cost of treatment. Straw mulch (T 3 ) recorded the highest value (3.23) of net return per rupee invested though it produced lesser seed yield than that of twice hand weeding (T 2 ), combination of Flumioxazin and hand weeding (T 6 ) and polyethylene mulching (T 4 ) only due to the advantage of low treatment cost and there is a great scope to marginal farmers to earn more with this low investment eco-friendly practice. The straw could be incorporated into the soil for improving soil health and sustaining agricultural production. Combination of Flumioxazin and hand weeding (T 6 ) was equally effective as the earlier treatment (T 3 ) in terms of net return per rupee investment (3.20) by recording higher production as well as higher cost of cultivation as some investment was required here for labourers (for one hand weeding) but there was no plant toxicity due to low dose of herbicide.
Conclusion
From the available data it can be concluded that for higher productivity, twice hand weeding at 25 and 50 DAS can be recommended. This treatment controlled all types of weeds flora during critical crop weed competition period, besides it loosen the soil without any harmful residual effect. But it requires involvement of high drudgery and is a costly practice. The problem of unavailability of labourer and higher investment could have some adverse effect on this practice. For marginal farmers, straw mulching @ 5 t ha -1 is more suitable and available practice which controls weeds effectively, provides aeration, conserves soil moisture and improves soil properties after incorporation. Combination of Flumioxazin and hand weeding is equally effective but it requires some investment (for one hand weeding).
